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Rationale/Goals of this Study

F Rationale:
mWith emerging technologies (e.g. multimedia, wideband, 

satellite, GPS), the traditional avionics in civil aviation  
using coaxial cables or wires may not be adequate

mInstead of link-by-link communication (using separate 
subsystems), it is possible to have total system 
integration providing total system response

mWith integrated systems significant increase in 
reliability, capacity, security and safety can be achieved

mWith advanced technologies, services, previously not 
available, will be provided to the customers
le.g., wideband communications and interactive 

multimedia communications within the airplane
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F Goals:
mTechnology Assessment

lEvaluate the current status of civil aircraft avionics 
with emphasis on RF communication subsystem
wBoeing 777 model aircraft used for this study

mTechnology Characterization
lCharacterize the current technology in terms of 

system performance
mMethod of Improvement

lDetermine if system can be improved and if so how?
lDetermine areas needing further investigation
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Typical Airplane Wiring

FWiring in a typical aircraft showing hundreds of meters 
of cables/wires within the airline cabinet
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Airplane’s Physical Description

F3-view drawings of 
the Boeing 777 
aircraft showing 
fundamental 
dimensions
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FLateral view showing 
ground clearing and 
fundamental 
dimensions
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FTop view showing 
essential instrument 
locations
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Important Statistics/Design Concept

F Important Statistics

132,500 unique parts; 3,000,000 fastenersParts

6,890-8,435 miles Range

General Electric GE90, Pratt & Whitney 
PW4000, Rolls-Royce Trent 800

Engine types

305-550 passengers Capacity
World’s largest twinjet Size

$146 MillionEstimated cost

F Innovative Design Approach
m Unlike previous Boeing airplane design using 

production line mentality, this airline was 100% 
digitally designed using 3-D solids technology applying 
CATIA, ELFINI, EPIC design processes
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m 238 teams from diverse groups and 3500 people
l Teams include Integration, Structures, Systems, 

Special, Manufacturing
FNetwork of 2,200 workstations

m 4 IBM mainframes, linked all over the world
FKnowledge Based Engineering
FSuperior Project Management

m Interdisciplinary team management 
m Coordination, planning and system integration 
m Reduce development time from 12 to 5 years 
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FComprehensive Communication
m Everyone involved in every step 
m Frequent design reviews, reduced rework by over 75% 

FInvolved Different Agencies
m Airline Transport Association 
m Federal Aviation Association 
m Extended-range twin-engine operations approval

FAnswering Customer's Needs
mResponds to market needs and customers preferences 
mConfiguration flexibility - New advanced cabin 

management system and excellent cargo capacity 
mMaintained the look and feel of a conventional plane
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Outcome of Design Concept

FA Superior Aircraft
FEnhanced reliability and productivity at lower costs 
FMost aerodynamically efficiency airfoil wing (climbs 

quickly, cruises at higher altitudes) 
FMost efficient and quickest turbofans 
FMore powerful engines with excellent fuel efficiency
FNew light weight cost-effective structural material (saves 

weight, improves corrosion and fatigue resistance) 
F6-wheel landing gear (other planes have 4-wheel landing 

gear) 
FMore economical brake design
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FFirst aircraft to receive certification and 180-minute 
extended-range twin-engine operations the same day 
(typically 4 years) 

FOutsold all competing commercial airplanes in its class 
FProvides some of the lowest cost per seat mile figures for 

any commercial transport
FSatellite communication and Global Positioning Systems 

(GPS)
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Conventional Flight Control System



Advanced Air Transportation Technologies 16

Glenn Research Center University of Akron

Fly-by-Wire Flight Control System

Transducers Actuator Control Electronics (4)

Captain/First Officer
Control Inputs

Autopilot Computers (3) Hydrolic Actuators

Controller

Tail

Wire

Primary Flight
Computer (3)

FPilot's commands - made through the conventional control 
wheel and rudder pedals - are converted to electrical signals

FThese signals are then transmitted using computers and 
electrical wires to the plane's control surfaces
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FPilots have the ability to override the fly-by-wire (FBW) 
system, giving the pilot the ultimate control of the plane

FNumerous safeguards and backup

mNine computers that could run the FBW system alone. 

mA battery backup on top of a primary backup to run the 
system should the power to the system be interrupted

mOriginal cable system left intact as another backup 
system

FThis design philosophy implies that Boeing has attempted to 
counter anything that could go wrong
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Airplane’s Functional Subsystems

FDifferent subsystems interconnected via the ARINC 629 
data bus

Triplex ARINC 629
Flight Control Data
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629 Systems Data

Buses

Primary
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Computers
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Reference
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Reference
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Control

ElectronicsPower
Supply

Assemblies
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Unit
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Switch
Unit

Aircraft
Information

Management
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Engine Data
Interface
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AIMS

FAirplanes Information Management System (AIMS) is the 
modular control center

FCommunication functions managed by the AIMS

Communications Program Interface and Router

ACARS OSI Printer Driver

Displays
Flt. Deck
Comm.

Flight
Mgmt.

Central
Maint.

A/C Cond.
Monitor

Crew Interface System

Cabin
Server

Air/Ground
Sub-network

On-board
LAN

Printer

DCMF
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ARINC 629 Data Bus

FThe data bus is used to achieve the exchange of info 
between subsystems at high-speed & high-reliability

FA multi-
transmitter data 
bus - primary 
communication 
onboard
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Onboard Optical Fiber System

Optical Fiber Recorder

Optical Fiber Interface

Dual TLA Sensors

Engine Data processor

Wheel Speed Sensors

Fiber Optic Data Bus Couplers
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FAvionics Local Area Network LAN

mAvionics LAN (AvLAN) 
provides high-speed 
communications network 
between various LRU's

mLAN configuration interfaces 
the Left & Right AIMS 
cabinets, the Brouter, and the 
Maintenance Access Terminal

mAvLAN supports data loading, system functional testing, 
and aids in fault isolation
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FCabin Local Area Network

mThe main function of CabLAN 
is passenger entertainment

l This high speed network 
provides the capability to 
have seat back interactive 
video, various video games, 
and catalog sales

mCabin LAN interfaces the  
Zone Network Controllers, 
Telephone Distribution Units 
and the Cabin File Server
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Airplane Wiring

FGiven this wiring, can the system be improved?

FIf so, how?

FIs it possible to overlay optical fibers with this wiring 
system? 

FFly-by-Wire versus Fly-by-Fiber?
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FWithout original design blueprint or maintenance 
manual, it is not possible to isolate any of the subsystem

FIn Boeing 777

mdifferent subsystems are integrated

misolating a particular subsystem is difficult

mrequires a comprehensive knowledge of the 
interconnected subsystems

mRF subsystem is embedded in the communication and 
control subsystems
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RF Subsystem

SAT Antenna
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Summary and Conclusion

FCurrent technology of avionics in a civil aircraft is 
evaluated
mBoeing 777 aircraft was selected for this study

FThe design philosophy was discussed
FPossible methods of improving the current system was 

investigating
FWe determined that current trend in aircraft aviation is 

moving towards modular avionics architecture
FAlso, it was determined that current trend in aircraft 

electronics is moving towards FBW control mechanism
FIt was more difficult to obtain technical information the 

any airplane than we taught
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FOptical systems are already being used in aircraft design
mBoeing 777 was the first to apply onboard optical local 

area network
FIt is not possible to simply overlay optical fibers in 

existing aircraft communication and control 
infrastructure due to different design requirement

FHence, the achievable merits of optical fibers cannot be 
determined quantitatively
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Limitations of Study

FDifficulty of obtaining original information on any 
aircraft design was a major drawback

FIt was very difficult to obtain information from
mBoeing Aircraft Manufacturing Company
mThe airline industry
mThe Federal Aviation Administration 

FSome information obtained from third parties cannot be 
independently verified

FDescription and analysis does not involve actual 
measurement
mUnable to provide measured data

FTradeoff between optical cables and wires could not be 
determined 


